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Description 

Gas Turbine Protection Apparatus 

Technical Field 
[0001] This invention relates to a gas turbine 
protection apparatus . 

Background Art 
[0002] A gas turbine has a plurality of combustors 
disposed in a toroidal form, and is arranged to flow 
combustion gases of these combustors to turbine blade 
(stationary blade and moving blade) portions of a 
turbine body, thereby rotating the turbine body. 
During the operation of the gas turbine, all the 
combustors need to act normally. 

[0003] During the operation of the gas turbine, 
therefore, it is necessary to keep watch on whether 
an abnormality, such as misfire or fuel injection nozzle 
obstruction, occurs or not in one or more of the 
combustors. If it is judged that the abnormality has 
occurred in the combustor, it is necessary to effect 
automatic stop or tripping of the gas turbine, thereby 
protecting the gas turbine. 

[0004] For this purpose, thermocouples, the number of 
which is the same as or larger than the number of the 
combustors, are arranged toroidally at the outlets of 
the turbine blades (downstream in the flowing direction 
of the combustion gases) (see Figs. 1(a), 1(b); details 
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to be offered later), and these thermocouples measure 
the temperatures of the combustion gases at the outlets 
of the turbine blades (blade pass temperatures) . Based 
on the measured values of the blade pass temperatures 
of the thermocouples, a gas turbine protection 
apparatus outputs a gas turbine automatic stop signal 
or a gas turbine tripping signal as a gas turbine 
protection signal. if the gas turbine automatic stop 
signal is outputted from the gas turbine protection 
apparatus, a fuel supply system gradually decreases 
a fuel to be supplied to the combustors to reduce a 
load, thereby bringing the gas turbine body to an 
automatic stop. If the gas turbine tripping signal is 
outputted from the gas turbine protection apparatus, 
the fuel supply system instantaneously cuts off fuel 
supply to the combustors, tripping ( urgent ly stopping) 
the gas turbine. 

[0005] If an abnormality occurs in any one of the 
combustors, only the blade pass temperature 
corresponding to the abnormal combustor has a great 
deviation (difference from the average value) or a large 
deviation change amount (change rate) in comparison 
with the blade pass temperatures corresponding to the 
other combustors. Thus, the abnormality of the 
abnormal combustor can be detected. Hence, the gas 
turbine protection apparatus has an interlock logic 
which outputs the gas turbine automatic stop signal 



2 



or the gas turbine tripping signal when the blade pass 
temperature deviation obtained from the blade pass 
temperature measured value of any of the thermocouples 
has exceeded a blade pass temperature deviation great 
set value, or when the change amount of the blade pass 
temperature deviation has exceeded a blade pass 
temperature deviation change amount large set value. 
[0006] The blade pass temperature of the combustion gas 
of each combustor is not measured at the turbine blade 
outlet position corresponding to each combustor, but 
is measured at the turbine blade outlet position at 
an angle displaced from each combustor in the rotating 
direction of the turbine body and in the circumferential 
direction by several of the combustors . This 
displacement for the blade pass temperature is called 
a swirl angle and, for example, is eguivalent to 2.7 
of the combustors, although it differs according to 
the magnitude of the load. If the swirl angle is 
equivalent to 2.7 of the combustors, the blade pass 
temperature of the combustion gas of the abnormal 
combustor is measured not by the thermocouple disposed 
at the turbine blade outlet position corresponding to 
the abnormal combustor, but by the thermocouple 
disposed at the turbine blade outlet position displaced 
from the former thermocouple in the circumferential 
direction by the equivalent of 2 or 3 of the combustors. 
[0007] Patent Document 1 discloses an example in which 
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the blade pass temperature of a combustion gas of a 
combustor was measured by a thermocouple disposed at 
a turbine blade outlet, and the measured value of the 
blade pass temperature of this thermocouple was used 
for gas turbine control. 

Patent Document 1: Japanese Patent Application 
Laid-Open No. 1994-264761 

Disclosure of the Invention 
Problems to be solved by the invention 
[0008] With the above-described conventional turbine 
protection apparatus, however, if the combustor becomes 
abnormal, the turbine body can reliably be stopped 
automatically or tripped for protection. If the 
thermocouple becomes abnormal, however, the turbine 
body may accidentally be stopped automatically or 
tripped. That is, if the measured value of the blade 
pass temperature of the thermocouple becomes abnormal 
because a protective tube (sheath) for the thermocouple 
is shaved, faulty insulation occurs between the 
constituent wires of the thermocouple, or a fixture 
for the thermocouple loosens to displace the 
measurement point from the normal position, the 
interlock of the gas turbine protection apparatus may 
accidentally work, thereby automatically stopping or 
tripping the turbine body. 

[0009] As a measure against this accident, there is a 
method comprising installing the thermocouples, the 
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number of which is three times the number of the 
combustors, selecting the intermediate value of the 
measured values of the blade pass temperatures of the 
three thermocouples, and operating the aforementioned 
interlock. However, mounting of the thermocouples, 
whose number is as large as three times the number of 
the combustors, at the outlets of the turbine blades 
is impossible in terms of a place of mounting. Even 
if the place of mounting can be secured, such mounting 
involves a considerable cost. 

[0010] The present invention has been accomplished in 
the light of the above-described circumstances. It is 
an object of the invention to provide a gas turbine 
protection apparatus which can output a gas turbine 
protection signal (automatic stop signal, tripping 
signal) only when a combustor is abnormal, without 
increasing the number of temperature sensors such as 
thermocouples . 

Means for Solving the Problems 
[0011] If an abnormality occurs in any of the combustors, 
there is no case where the blade pass temperature 
measured value of one thermocouple changes, but no 
changes are observed in the blade pass temperature 
measured values of other thermocouples. At least, the 
blade pass temperature measure value of the 
thermocouple adjacent to the one thermocouple 
necessarily shows a change. For example, if the swirl 
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angle is equivalent to 2.7 of the combustors, changes 
occur in the blade pass temperature measured value of 
the thermocouple at the position displaced by two of 
the combustors from the thermocouple at the position 
corresponding to the abnormal combustor, and in the 
blade pass temperature measured value of the 
thermocouple at the position displaced by three of the 
combustors from the thermocouple at the position 
corresponding to the abnormal combustor. On the other 
hand, if there is no abnormality in the combustor, but 
an abnormality occurs in any of the thermocouples, only 
the blade pass temperature measured value of the 
abnormal thermocouple changes abnormally . The present 
invention has been made with particular attention to 
such findings, and has the following features. 
[0012] That is, a gas turbine protection apparatus, as 
a first aspect of the invention for solving the above 
problems, is a gas turbine protection apparatus which 
measures the blade pass temperatures of combustion 
gases of a plurality of combustors arranged toroidally 
by temperature sensors at least equal in number to the 
number of the combustors and arranged toroidally at 
turbine blade outlets, and which outputs a gas turbine 
protection signal based on the blade pass temperature 
measured values of the temperature sensors, and 
comprising : 

a temperature deviation computing section for 
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computing a difference between the average value of 
the blade pass temperature measured values and the blade 
pass temperature measured value of each temperature 
sensor to find the blade pass temperature deviation 
of each temperature sensor; 

a temperature deviation change amount computing 
section for computing the blade pass temperature 
deviation change amount of each temperature sensor 
based on the blade pass temperature deviation of each 
temperature sensor computed by the temperature 
deviation computing section; 

a temperature deviation change amount large 
determining section for comparing the blade pass 
temperature deviation change amount of each temperature 
sensor computed by the temperature deviation change 
amount computing section with a blade pass temperature 
deviation change amount large set value to output a 
blade pass temperature deviation change amount large 
signal when the blade pass temperature deviation change 
amount of each temperature sensor exceeds the blade 
pass temperature deviation change amount large set 
value ; 

a temperature deviation change amount present 
determining section for comparing the blade pass 
temperature deviation change amount of each temperature 
sensor computed by the temperature deviation change 
amount computing section with a blade pass temperature 
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deviation change amount present set value smaller than 
the blade pass temperature deviation change amount 
large set value to output a blade pass temperature 
deviation change amount present signal when the blade 
pass temperature deviation change amount of each 
temperature sensor exceeds the blade pass temperature 
deviation change amount present set value; and 

a protection signal outputting section for 
outputting the gas turbine protection signal when the 
blade pass temperature deviation change amount of any 
of the temperature sensors exceeds the blade pass 
temperature deviation change amount large set value, 
and the blade pass temperature deviation change amount 
large signal is outputted from the temperature 
deviation change amount large determining section, and 
when the blade pass temperature deviation change amount 
of any of the temperature sensors adjacent bilaterally 
to the any temperature sensor exceeds the blade pass 
temperature deviation change amount present set value, 
and the blade pass temperature deviation change amount 
present signal is outputted from the temperature 
deviation change amount present determining section. 
[0013] A gas turbine protection apparatus, as a second 
aspect of the invention, is the gas turbine protection 
apparatus as the first aspect of the invention, 
characterized in that the protection signal outputting 
section includes 
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a first off-delay timer section for delaying a 
time when the blade pass temperature deviation change 
amount large signal outputted from the temperature 
deviation change amount large determining section 
becomes OFF, and 

a second off-delay timer section for delaying 
a time when the blade pass temperature deviation change 
amount present signal outputted from the temperature 
deviation change amount present determining section 
becomes OFF. 

[0014] A gas turbine protection apparatus, as a third 
aspect of the invention, is the gas turbine protection 
apparatus as the first or second aspect of the invention, 
characterized in that the protection signal outputting 
section also outputs the gas turbine protection signal 
when the blade pass temperature deviation change amount 
of any of the temperature sensors exceeds the blade 
pass temperature deviation change amount large set 
value, and the blade pass temperature deviation change 
amount large signal is outputted from the temperature 
deviation change amount large determining section, and 
when any of the temperature sensors adjacent 
bilaterally to the any temperature sensor has a value 
out of range. 

[0015] A gas turbine protection apparatus, as a fourth 
aspect of the invention, is a gas turbine protection 
apparatus which measures the blade pass temperatures 
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of combustion gases of a plurality of combustors 
arranged toroidally by temperature sensors at least 
equal in number to the number of the combustors and 
arranged toroidally at turbine blade outlets, and which 
outputs a gas turbine protection signal based on the 
blade pass temperature measured values of the 
temperature sensors, and comprising: 

a temperature deviation computing section for 
computing a difference between the average value of 
the blade pass temperature measured values and the blade 
pass temperature measured value of each temperature 
sensor to find the blade pass temperature deviation 
of each temperature sensor; 

a temperature deviation great determining 
section for comparing the blade pass temperature 
deviation of each temperature sensor computed by the 
temperature deviation computing section with a blade 
pass temperature deviation great set value to output 
a blade pass temperature deviation great signal when 
the blade pass temperature deviation of each 
temperature sensor exceeds the blade pass temperature 
deviation great set value; 

a temperature deviation present determining 
section for comparing the blade pass temperature 
deviation of each temperature sensor computed by the 
temperature deviation computing section with a blade 
pass temperature deviation present set value smaller 
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than the blade pass temperature deviation great set 
value to output a blade pass temperature deviation 
present signal when the blade pass temperature 
deviation of each temperature sensor exceeds the blade 
pass temperature deviation present set value; and 

a protection signal outputting section for 
outputting the gas turbine protection signal when the 
blade pass temperature deviation of any of the 
temperature sensors exceeds the blade pass temperature 
deviation great set value, and the blade pass 
temperature deviation great signal is outputted from 
the temperature deviation great determining section, 
and when the blade pass temperature deviation of any 
of the temperature sensors adjacent bilaterally to the 
any temperature sensor exceeds the blade pass 
temperature deviation present set value, and the blade 
pass temperature deviation present signal is outputted 
from the temperature deviation present determining 
section . 

[0016] A gas turbine protection apparatus, as a fifth 
aspect of the invention, is the gas turbine protection 
apparatus as the fourth aspect of the invention, further 
comprising 

a temperature deviation change amount computing 
section for computing the blade pass temperature 
deviation change amount of each temperature sensor 
based on the blade pass temperature deviation computed 
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by the temperature deviation computing section, and 

a temperature deviation change amount present 
determining section for comparing the blade pass 
temperature deviation change amount of each temperature 
sensor computed by the temperature deviation change 
amount computing section with a blade pass temperature 
deviation change amount present set value to output 
a blade pass temperature deviation change amount 
present signal when the blade pass temperature 
deviation change amount of each temperature sensor 
exceeds the blade pass temperature deviation change 
amount present set value, and 

characterized in that the protection signal 
outputting section also outputs the gas turbine 
protection signal when the blade pass temperature 
deviation of any of the temperature sensors exceeds 
the blade pass temperature deviation great set value, 
and the blade pass temperature deviation great signal 
is outputted from the temperature deviation great 
determining section, and when the blade pass 
temperature deviation change amount of any of the 
temperature sensors adjacent bilaterally to the any 
temperature sensor exceeds the blade pass temperature 
deviation change amount present set value, and the blade 
pass temperature deviation change amount present signal 
is outputted from the temperature deviation change 
amount present determining section. 
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[0017] A gas turbine protection apparatus, as a sixth 
aspect of the invention, is the gas turbine protection 
apparatus as the fourth or fifth aspect of the invention, 
characterized in that 

the protection signal outputting section 
includes an off-delay timer section for delaying a time 
when the blade pass temperature deviation change amount 
present signal outputted f romthe temperature deviation 
change amount present determining section becomes OFF . 
[0018] A gas turbine protection apparatus, as a seventh 
aspect of the invention, is the gas turbine protection 
apparatus as the fourth, fifth or sixth aspect of the 
invention, characterized in that 

the protection signal outputting section also 
outputs the gas turbine protection signal when the blade 
pass temperature deviation of any of the temperature 
sensors exceeds the blade pass temperature deviation 
great set value, and the blade pass temperature 
deviation great signal is outputted from the 
temperature deviation great determining section, and 
when any of the temperature sensors adjacent 
bilaterally to the any temperature sensor has a value 
out of range . 

Effects of the Invention 
[0019] According to the gas turbine protection 
apparatus as the first aspect of the invention, the 
gas turbine protection signal is outputted when the 
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blade pass temperature deviation change amount of any 
of the temperature sensors exceeds the blade pass 
temperature deviation change amount large set value, 
and the blade pass temperature deviation change amount 
large signal is outputted from the temperature 
deviation change amount large determining section, and 
when the blade pass temperature deviation change amount 
of any of the temperature sensors adjacent bilaterally 
to the any temperature sensor exceeds the blade pass 
temperature deviation change amount present set value, 
and the blade pass temperature deviation change amount 
present signal is outputted from the temperature 
deviation change amount present determining section. 
Thus, if the temperature sensor becomes abnormal, 
accidental outputting of the gas turbine protection 
signal can be prevented without the need to increase 
the temperature sensors. Only when the combustor 
becomes abnormal, the gas turbine protection signal 
can be outputted to protect the turbine body. Hence, 
the gas turbine can be operated stably. 
[0020] According to the gas turbine protection 
apparatus as the second aspect of the invention, there 
are provided the first off-delay timer section for 
delaying the time when the blade pass temperature 
deviation change amount large signal outputted from 
the temperature deviation change amount large 
determining section becomes OFF, and the second 
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off-delay timer section for delaying the time when the 
blade pass temperature deviation change amount present 
signal outputted from the temperature deviation change 
amount present determining section becomes OFF . Thus, 
a discrepancy between the outputting timings for the 
blade pass temperature deviation change amount large 
signal and the blade pass temperature deviation change 
amount present signal can be prevented by the first 
off-delay timer section and the second off-delay timer 
section, so that the gas turbine protection signal can 
be outputted reliably. 

[0021] According to the gas turbine protection 
apparatus as the third aspect of the invention, the 
gas turbine protection signal is also outputted when 
the blade pass temperature deviation change amount of 
any of the temperature sensors exceeds the blade pass 
temperature deviation change amount large set value, 
and the blade pass temperature deviation change amount 
large signal is outputted from the temperature 
deviation change amount large determining section, and 
when any of the temperature sensors adjacent 
bilaterally to the any temperature sensor has a value 
out of range. Thus, the gas turbine protection signal 
can also be outputted when the temperature sensors on 
both sides become so abnormal as to have values out 
of range, rendering determination impossible. 
[0022] According to the gas turbine protection 
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apparatus as the fourth aspect of the invention, the 
gas turbine protection signal is outputted when the 
blade pass temperature deviation of any of the 
temperature sensors exceeds the blade pass temperature 
deviation great set value, and the blade pass 
temperature deviation great signal is outputted from 
the temperature deviation great determining section, 
and when the blade pass temperature deviation of any 
of the temperature sensors adjacent bilaterally to the 
any temperature sensor exceeds the blade pass 
temperature deviation- present set value, and the blade 
pass temperature deviation present signal is outputted 
from the temperature deviation present determining 
section. Thus, if the temperature sensor becomes 
abnormal, accidental outputting of the gas turbine 
protection signal can be prevented without the need 
to increase the temperature sensors. Only when the 
combustor becomes abnormal, the gas turbine protection 
signal can be outputted to protect the turbine body. 
Hence, the gas turbine can be operated stably. 
[0023] According to the gas turbine protection 
apparatus as the fifth aspect of the invention, the 
gas turbine protection signal is also outputted when 
the blade pass temperature deviation of any of the 
temperature sensors exceeds the blade pass temperature 
deviation great set value, and the blade pass 
temperature deviation great signal is outputted from 
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the temperature deviation great determining section, 
and when the blade pass temperature deviation change 
amount of any of the temperature sensors adjacent 
bilaterally to the any temperature sensor exceeds the 
blade pass temperature deviation change amount present 
set value, and the blade pass temperature deviation 
change amount present signal is outputted from the 
temperature deviation change amount present 
determining section. Thus, even when the blade pass 
temperature measured values of the temperature sensors 
located bilaterally adjacently are higher than the 
average value, the gas turbine protection signal can 
be outputted at an early stage. 

[0024] According to the gas turbine protection 
apparatus as the sixth aspect of the invention, there 
is the off-delay timer section for delaying the time 
when the blade pass temperature deviation change amount 
present signal outputted from the temperature deviation 
change amount present determining section becomes OFF. 
Thus, this off-delay timer section can prevent the 
discrepancy in the outputting timing for the blade pass 
temperature deviation change amount present signal with 
respect to the blade pass temperature deviation great 
signal, so that the gas turbine protection signal can 
be outputted reliably. 

[0025] According to the gas turbine protection 
apparatus as the seventh aspect of the invention, the 
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gas turbine protection signal is also outputted when 
the blade pass temperature deviation of any of the 
temperature sensors exceeds the blade pass temperature 
deviation great set value, and the blade pass 
temperature deviation great signal is outputted from 
the temperature deviation great determining section, 
and when any of the temperature sensors adjacent 
bilaterally to the any temperature sensor has a value 
out of range. Thus, the gas turbine protection signal 
can also be outputted when the temperature sensors on 
both sides become so abnormal as to have values out 
of range, rendering determination impossible. 

Brief Description of the Drawings 
[0026] [Fig. 1(a), 1(b)] Fig. 1(a) is an outline view 
of a gas turbine eguipped with a gas turbine protection 
apparatus according to an embodiment of the present 
invention. Fig. 1(b) is an explanation drawing showing 
the positional relationship between combustors and 
thermocouples (a view taken in the direction of an arrow 
A in Fig. 1(a)). 
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[Fig. 2] is an interlock logic diagram for 
blade pass temperature deviation change amount large" 
in the gas turbine protection apparatus. 

[Fig. 3] is an interlock logic diagram for "a 
blade pass temperature deviation great" in the gas 
turbine protection apparatus. 

[Fig. 4] is an explanation drawing showing the 
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relationship between a blade pass temperature deviation 
change amount and a blade pass temperature deviation 
change amount large set value. 

[Fig. 5] is an explanation drawing of the actions 
of the blade pass temperature deviation change amount 
large interlock logic. 

[Fig. 6] is an explanation drawing of the act ions 
of the blade pass temperature deviation great interlock 
logic . 

Description of the Numerals 
[0027] 1 gas turbine, 2 turbine body, 3a turbine blade 
(stationary blade), 3b turbine blade (moving blade), 
4 combustor, 5 thermocouple, 6 gas turbine protection 
apparatus, 7 fuel supply system, 11a, lib, 11c 
temperature deviation computing section, 12a, 12b, 12c 
temperature deviation change amount computing section, 
13 dead time computing section, 14 subtracting section, 
15 temperature deviation change amount large 
determining section, 16a, 16b temperature deviation 
change amount present determining section, 17 
protection signal outputting section, 18a, 18b 
off-delay timer section, 19, 20, 21 OR logic section, 
22 AND logic section, 23 OR logic section, 3 1 temperature 
deviation great determining section, 32a, 32b 
temperature deviation present determining section, 33 
protection signal outputting section, 34a, 34b 
off-delay timer section, 35, 36, 37 OR logic section, 
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38 AND logic section, 39 OR logic section 

Best Mode for Carrying Out the Invention 
[0028] An embodiment of the present invention will now 
be described in detail based on the accompanying 
drawings . 

[0029] As shown in Figs. 1(a) and 1(b), a gas turbine 
1 has a plurality of (14 in the illustrated example) 
combustors 4 at inlets (on an upstream side in a flowing 
direction of a combustion gas) of turbine blades 
(stationary blades, moving blades) 3a, 3b of a turbine 
body 3, and has a plurality of (14, the same number 
as the number of the combustors, in the illustrated 
example) thermocouples 5, as temperature sensors, at 
outlets (on a downstream side in the flowing direction 
of the combustion gas) of the turbine blades 3a, 3b. 
The blade pass temperature (hereinafter referred to 
as BPT) measurement signals of these thermocouples 5 
are inputted into a gas turbine protection apparatus 
7 . 

[0030] Based on the BPT measurement signals, the gas 
turbine protection apparatus 7 outputs a BPT deviation 
change amount large automatic stop signal, a BPT 
deviation great automatic stop signal, and a BPT 
deviation great tripping signal, although details will 
be offered later. If the BPT deviation change amount 
large automatic stop signal or the BPT deviation great 
automatic stop signal is outputted from the gas turbine 
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protection apparatus 7, the amount of fuel supply to 
the combustors 4 is gradually decreased in the fuel 
supply system 6 to reduce load, thereby bringing the 
turbine body 2 to an automatic stop. If the BPT 
deviation great tripping signal is outputted from the 
gas turbine protection apparatus 7, the amount of fuel 
supply to the combustors 4 is instantaneously cut off 
in the fuel supply system 6 to trip (urgently stop) 
the turbine body 2 . 

[0031] The combustors 4 are arranged at equal intervals 
in a toroidal form. These combustors 4 mix fuel, 
supplied from the fuel supply system 6, with compressed 
air supplied from a compressor (not shown) , and burn 
the mixture to produce a combustion gas . The combustion 
gas of each combustor 4 is introduced from the turbine 
blade inlets into the sites of the turbine blades 3a, 
3b to flow through the sites of the turbine blades 3a, 
3b, thereby rotating the turbine body 2. Then, the 
combustion gas of each combustor 4 is discharged from 
the turbine blade outlets, and the combustion gas 
temperature (BPT) at the turbine blade outlet is 
measured by each thermocouple 4. 

[0032] The thermocouples 5 are arranged toroidally at 
equal intervals in correspondence with the positions 
of installation (positions in the circumferential 
direction) of the combustors 4, as shown in Fig. 1(b) . 
The- respective combustors 4 are assigned the numerals 
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#1 to #14 for convenience of explanation. In this case, 
assume that the combustor 4 at the position 
corresponding to the thermocouple 5 numbered #1 becomes 
abnormal, for example. If the direction of rotation 
of the turbine body 2 is the direction of an arrow B, 
and the swirl angle is equivalent to 2 . 7 of the combustors, 
for example, a change in the combustion gas temperature 
(BPT) of the abnormal combustor 4 is reflected in the 
BPT measured value of the thermocouple 5 numbered #3 
which is located at a position displaced by the 
equivalent of 2of the combustors , andintheBPT measured 
value of the thermocouple 5 numbered #4 which is located 
at a position displaced by the equivalent of 3 of the 
combustors . 

[0033] To prevent the malfunction of an interlock by 
making use of this fact, the gas turbine protection 
apparatus 7 has interlock logics as shown in Figs. 2 
and 3. The gas turbine protection apparatus 7 is 
furnished with a computer, and has, as the software 
of the computer, a BPT deviation change amount large 
interlock logic shown in Fig. 2 and a BPT deviation 
great interlock logic shown in Fig. 3. The interlock 
logics are not necessarily limited to the software, 
but may be composed of hardware. 

[0034] The interlock logics shown in Figs. 2 and 3 are 
provided for all of the thermocouples 5 (BPT measured 
values). In Figs. 2 and 3, however, the interlock 
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logics are illustrated for only one of the thermocouples 
5 (BPT measured values) , and are not shown for the other 
thermocouples 5. The symbol #n shown in Figs. 2 and 
3 refers to any of the thermocouples 5 numbered #1 to 
#14, while #n-l and #n+l refer to the thermocouples 
5 adjacent bilaterally to the thermocouple 5 numbered 
#n. As shown in Fig. 1 (b) , if the thermocouple 4 marked 
#n is the thermocouple 5 numbered #3, for example, the 
thermocouples 5 of #n-l and #n + l are the thermocouples 
5 of #2 and #4. If the thermocouple 4 marked #n is the 
thermocouple 5 numbered #14, for example, the 
thermocouples 5 of #n-l and #n+l are the thermocouples 
5 of #13 and #1. If the thermocouple 4 marked #n is 
the thermocouple 5 numbered #1, for example, the 
thermocouples 5 of #n-l and #n+l are the thermocouples 
5 of #14 and #2. 

[0035] The BPT deviation change amount large interlock 
logic of Fig. 2 will be described. In the gas turbine 
protection apparatus 7, the difference between the 
average value of the BPT measured values of all the 
thermocouples 5 and the BPT measured value of the 
thermocouple 5 marked #n is computed at a temperature 
deviation computing section 11a to find the #n BPT 
deviation of the thermocouple 5 of #n. At a temperature 
deviation computing sect ion lib, the difference between 
the above average value and the BPT measured value of 
the thermocouple 5 marked #n-l is computed to find the 
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#n-l BPT deviation of the thermocouple 5 of #n-l. At 
a temperature deviation computing section 11c, the 
difference between the above average value and the BPT 
measured value of the thermocouple 5 marked #n+l is 
computed to find the #n+l BPT deviation of the 
thermocouple 5 of #n+l. 

[0036] Then, at a temperature deviation change amount 
computing section 12a, the #n BPT deviation change 
amount of the thermocouple 5 of #n is computed based 
on the #n BPT deviation computed at the temperature 
deviation computing section 11a. At a temperature 
deviation change amount computing section 12b, the #n-l 
BPT deviation change amount of the thermocouple 5 of 
#n-l is computed based on the #n-l BPT deviation computed 
at the temperature deviation computing section lib. 
At a temperature deviation change amount computing 
section 12c, the #n+l BPT deviation change amount of 
the thermocouple 5 of #n+l is computed based on the 
#n+l BPT deviation computed at the temperature 
deviation computing section 11c. 

[0037] The temperature deviation change amount 
computing sections 12a, 12b, 12c each have a dead time 
computing section 13 and a subtracting section 14 . The 
symbol e" LS shown in the dead time computing section 
13 denotes the transfer function of a dead time element, 
L being a dead time, and s being a Laplace operator. 
In the temperature deviation change amount computing 
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section 12a, the dead time computing section 13 
sequentially stores the #n BPT deviation computed at 
the temperature deviation computing section 11a, and 
outputs it 1 minute later, and the subtracting section 
14 computes the difference between the current #n BPT 
deviation computed at the temperature deviation 
computing section 11a and the #n BPT deviation outputted 
from the dead time computing section 13 (i.e., the #n 
BPT deviation 1 minute before now) , and outputs the 
result of computation as a in BPT deviation change amount . 
The temperature deviation change amount computing 
sections 12b, 12c also perform the same processing, 
as done at the temperature deviation change amount 
computing section 12a, for the #n-l BPT deviation and 
the #n+l BPT deviation computed at the temperature 
deviation computing sections lib, 11c to compute a #n-l 
BPT deviation change amount and a #n+l BPT deviation 
change amount, followed by outputting them. 
[0038] Then, at a temperature deviation change amount 
large determining section 15, the #n BPT deviation 
change amount of the thermocouple 5 of #n computed at 
the temperature deviation change amount computing 
section 12a is compared with a set value H or L for 
"BPT deviation change amount large", and a signal for 
"#n BPT deviation change amount large" is outputted 
when the #n BPT deviation change amount of the 
thermocouple 5 of #n exceeds the BPT deviation change 
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amount large set value H or L. 

[0039] That is, the BPT measured value may decrease or 
increase depending on an abnormality in the combustor 

4 or an abnormality in the thermocouple 4. As shown 
in Fig. 4, therefore, the temperature deviation change 
amount large determining section 15 has the BPT 
deviation change amount large set value L on the decrease 
side and the BPT deviation change amount large set value 
H on the increase side. When the BPT measured value 
of the thermocouple 5 of #n increases, and the #n BPT 
deviation change amount exceeds the BPT deviation 
change amount large set value H, or when the BPT measured 
value decreases, and the #n BPT deviation change amount 
exceeds the BPT deviation change amount large set value 
L, the temperature deviation change amount large 
determining section 15 outputs the #n BPT deviation 
change amount large signal (turns it ON) . 

[0040] Then, as shown in Fig. 2, at a temperature 
deviation change amount present determining section 
16a, the #n-l BPT deviation change amount of the 
thermocouple 5 of #n-l computed at the temperature 
deviation change amount computing section 12b is 
compared with a set value H or L for "BPT deviation 
change amount present", and a signal for "#n-l BPT 
deviation change amount present" is outputted when the 
#n-l BPT deviation change amount of the thermocouple 

5 of #n-l exceeds the BPT deviation change amount present 
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set value HorL. Similarly, at a temperature deviation 
change amount present determining section 16b, the #n + l 
BPT deviation change amount of the thermocouple 5 of 
#n+l computed at the temperature deviation change 
amount computing section 12c is compared with a set 
value H or L for "BPT deviation change amount present", 
and a signal for "#n+l BPT deviation change amount 
present" is out put ted when the #n+l BPT deviation change 
amount of the thermocouple 5 of #n + l exceeds the BPT 
deviation change amount present set value H or L . 
[0041] That is, the temperature deviation change amount 
present determining sections 16a, 16b also have the 
BPT deviation change amount present set value L on the 
decrease side and the BPT deviation change amount 
present set value H on the increase side in 
correspondence with a decrease and an increase in the 
BPT measured value. When the BPT measured value of the 
thermocouple 5 of #n-l or #n + l increases, and the #n-l 
BPT deviation change amount or the #n+l BPT deviation 
change amount exceeds the BPT deviation change amount 
present set value H, or when the BPT measured value 
decreases, and the #n-l BPT deviation change amount 
or the #n+l BPT deviation change amount exceeds the 
BPT deviation change amount present set value L, the 
temperature deviation change amount present 
determining section 16a or 16b outputs the #n-l BPT 
deviation change amount present signal or the #n+l BPT 



27 



deviation change amount present signal (turns it ON) . 
However, in order to prevent the BPT deviation change 
amount large interlock from becoming inoperative in 
case of an abnormality in the combustor 4, the BPT 
deviation change amount present set value H or L is 
set at a smaller value (smaller absolute value) than 
the BPT deviation change amount large set value H or 
L. 

[0042] At a protect ion signal output ting section (logic 
section) 17, a BPT deviation change amount large 
automatic stop signal is outputted, as a gas turbine 
protection signal, when the #n BPT deviation change 
amount of the thermocouple 5 of #n exceeds the BPT 
deviation change amount large set value H or L, and 
the #n BPT deviation change amount large signal is 
outputted from the temperature deviation change amount 
large determining section 15, and when the BPT deviation 
change amount of one of the thermocouples 5 of #n-l 
and #n+l adjacent bilaterally to the thermocouple 5 
of #n (i.e., the #n-l BPT deviation change amount or 
the #n+l BPT deviation change amount) exceeds the BPT 
deviation change amount present set value H or L, and 
the BPT deviation change amount present signal (i.e., 
the #n-l BPT deviation change amount present signal 
or the #n + l BPT deviation change amount present signal) 
is outputted from the temperature deviation change 
amount present determining section 16a or 16b. 
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[004 3] The protection signal out put ting section 17 also 
outputs the BPT deviation change amount large automatic 
stop signal when the #n BPT deviation change amount 
of the thermocouple 5 of #n exceeds the BPT deviation 
change amount large set value H or L, and the #n BPT 
deviation change amount large signal is outputted from 
the temperature deviation change amount large 
determining section 15, and when one of the 
thermocouples 5 of #n-l and #n+l adjacent bilaterally 
to the thermocouple 5 of #n has a value out of range 

(the BPT measured value of the thermocouple 5, for 
example, exceeds the measurement range of 0 to 800°C, 
becoming 0°C or lower or 800° or higher) owing to an 
abnormality such as wire breakage. Furthermore, the- 
protection signal outputting section 17 has off-delay 
timer sections 18a, 18b to prevent discrepancies 
between outputting timings for the #n BPT deviation 
change amount large signal, the #n-l BPT deviation 
change amount present signal and the #n+l BPT deviation 
change amount present signal. 

[0044] In detail, the #n BPT deviation change amount 
large signal outputted from the temperature deviation 
change amount large determining section 15 is inputted 
into the off-delay timer section 18a. In the off-delay 
timer section 18a, even when the #n BPT deviation change 
amount large signal outputted from the temperature 
deviation change amount large determining section 15 
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becomes OFF , the ON -state of this #nBPT deviation change 
amount large signal is retained by a predetermined delay 

time ATI. By this measure, the timing with which the 
#n BPT deviation change amount large signal becomes 

OFF is delayed by the time ATI (see Fig. 5; details 
to be offered later) . 

[0045] InanORlogic (logical sum) section 19, an output 
signal becomes ON when the #n-l BPT deviation change 
amount present signal is outputted from the temperature 
deviation change amount present determining section 
16a, or when the thermocouple 5 of #n-l is judged to 
have a value out of range. In an OR logic section 20, 
an output signal becomes ON when the #n + l BPT deviation 
change amount present signal is outputted from the 
temperature deviation change amount present 
determining section 16b, or when the thermocouple 5 
of #n+l is judged to have a value out of range. In an 
OR logic section 21, an output signal becomes ON when 
the output signal of the OR logic section 19 or the 
output signal of the OR logic section 20 is turned on. 
The output signal of the OR logic section 21 is inputted 
into the off-delay timer section 18b. 

[0046] In the off-delay timer section 18b, even when 
the output of the OR logic section 21 becomes OFF, the 
ON-state of this output signal is retained by a 

predetermined delay time AT2, whereby the timing with 
which this output signal becomes OFF is delayed by the 
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time AT2. That is, the timing with which the #n-l BPT 
deviation change amount present signal and the #n+l 
deviation change amount present signal become OFF can 

be delayed by the time AT2 by means of the off-delay 
timer section 18b. 

[0047] In an AND logic (logical product) section 22, 
a #n BPT deviation change amount large automatic stop 
signal is outputted (ON) when the output signal of the 
off-delay timer section 18a is ON, and when the output 
signal of the off-delay timer section 18b is ON. In 
regard to the thermocouple 5 other than the thermocouple 
5 of #n, too, the BPT deviation change amount large 
automatic stop signal is outputted by the BPT deviation 
change amount large interlock logic similar to that 
for the thermocouple 5 of #n. In an OR logic section 
23, the BPT deviation change amount large automatic 
stop signal is outputted when any of the BPT deviation 
change amount large automatic stop signals of the 
thermocouples 5 of #1 to #14 is outputted. 
[0048] The functions of the off-delay timer sections 
will be described further by way of an example based 
on Fig. 5. In Fig. 5, a denotes the average value of 
the BPT measured values of the thermocouples 5 of #1 
to #14, b denotes the BPT measured value of the 
thermocouple 5 of #n, and c denotes the BPT measured 
value of the thermocouple 5 of #n+l. 

[0049] If the BPT measured value b and the BPT measured 
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value c decrease, as illustrated, as a result of a fall 
in the combustion gas temperature due to an abnormality 
in the combustor 4, the #n BPT deviation change amount 
large signal outputted from the temperature deviation 
change amount large determining section 15 becomes ON 
at a time Tl when the BPT measured value b begins to 
decrease and the #n BPT. deviation change amount exceeds 
the BPT deviation change amount large set value L, and 
becomes OFF at a time T2 when the BPT measured value 
b does not decrease any more and the #n BPT deviation 
change amount does not exceed the BPT deviation change 
amount large set value L. On the other hand, the #n+l 
BPT deviation change amount present signal outputted 
from the temperature deviation change amount present 
determining section 16b becomes ON at a time T3 when 
the BPT measured value c begins to decrease and the 
#n+l BPT deviation change amount exceeds the BPT 
deviation change amount present set value L, and becomes 
OFF at a time T5 when the BPT measured value c does 
not decrease any more and the #n + l BPT deviation change 
amount does not exceed the BPT deviation change amount 
present set value L. 

[0050] In such cases, therefore, the #n BPT deviation 
change amount large signal and the #n+l BPT deviation 
change amount present signal do not enter the ON-state 
at the same time. Thus, the #n BPT deviation change 
amount large automatic stop signal is not outputted, 
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and the BPT deviation change amount large automatic 
stop signal is not outputted. As a result, the turbine 
body 2 cannot be protected. Hence, the #n BPT deviation 
change amount large signal is adapted to become OFF 
at a time T4 because of the delay of ATI provided by 
the off-delay timer section 18a. By so doing, the 
discrepancy between the timings of outputting both 
signals is prevented, whereby both signals are in the 
ON-state during the period of from T3 until T4. 
Consequently, the #n BPT deviation change amount large 
automatic stop signal is outputted, and the BPT 
deviation change amount large automatic stop signal 
is outputted. 

[0051] The #n+l BPT deviation change amount present 
signal is also adapted to become OFF at a time T6 because 
of the delay of AT2 provided by the off-delay timer 
section 18b. This is because the discrepancy in the 
outputting timing is not limited to the illustrated 
example, but there may be a case where the #n+l BPT 
deviation change amount present signal is outputted 
priortothe #n BPT deviation change amount large signal. 
That is, it is necessary to perform delaying treatment 
by the off-delay timer sections 18a, 18b for both of 
the #n BPT deviation change amount large signal and 
the #n+l BPT deviation change amount present signal. 
The concrete values of the delay times ATI and AT2 can 
be set, as appropriate, by tests, for example. 
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[0052] The BPT deviation change amount large interlock 
logic of Fig. 3 will be described. In the gas turbine 
protection apparatus 7, the difference between the 
average value of the BPT measured values of all the 
thermocouples 5 and the BPT measured value of the 
thermocouple 5 marked #n is computed at a temperature 
deviation computing section 11a to find the #n BPT 
deviation of the thermocouple 5 of #n. At a temperature 
deviation computing section lib, the difference between 
the above average value and the BPT measured value of 
the thermocouple 5 marked #n-l is computed to find the 
#n-l BPT deviation of the thermocouple 5 of #n-l. At 
a temperature deviation computing section 11c, the 
difference between the above average value and the BPT 
measured value of the thermocouple 5 marked #n+l is 
computed to find the #n+l BPT deviation of the 
thermocouple 5 of #n+l. 

[0053] Then, at a temperature deviation great 
determining section 31, the #n BPT deviation of the 
thermocouple 5 of #n computed at the temperature 
deviation computing section 11a is compared with a set 
value H or L for "BPT deviation change amount present", 
and a signal for xx #n BPT deviation change amount large" 
is outputted when the #n BPT deviation of the 
thermocouple 5 of #n exceeds the BPT deviation change 
amount present set value H or L. The temperature 
deviation great determining section 31 has a BPT 
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deviation great set value L on the decrease side and 
a BPT deviation great set value H on the increase side 
in accordance with an increase and a decrease in the 
BPT measured value. When the BPT measured value of the 
thermocouple 5 of #n increases, and the #n BPT deviation 
exceeds the BPT deviation great set value H, or when 
the BPT measured value decreases, and the #n BPT 
deviation exceeds the BPT deviation great set value 
L, the temperature deviation great determining section 
31 outputs the #n BPT deviation signal (turns it ON) . 
[0054] Then, at a temperature deviation present 
determining section 32a, the #n-l BPT deviation of the 
thermocouple 5 of #n-l computed at the temperature 
deviation computing section lib is compared with a set 
value H or L for "BPT deviation present", and a signal 
for "#n-l BPT deviation present" is outputted when the 
#n-l BPT deviation of the thermocouple 5 of #n-l exceeds 
the BPT deviation present set value H or L. Similarly, 
at a temperature deviation present determining section 
32b, the #n + l BPT deviation of the thermocouple 5 of 
#n+l computed at the temperature deviation computing 
section 11c is compared with a set value H or L for 
"BPT deviation present", and a signal for "#n+l BPT 
deviation change amount present" is outputted when the 
#n+l BPT deviation of the thermocouple 5 of #n+l exceeds 
the BPT deviation present set value H or L. 
[0055] The temperature deviation present determining 
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sections 32a, 32b also have the BPT deviation present 
set value L on the decrease side and the BPT deviation 
present set value H on the increase side in 
correspondence with a decrease and an increase in the 
BPT measured value. When the BPT measured value of the 
thermocouple 5 of #n-l or #n+l increases, and the #n-l 
BPT deviation or the #n+l BPT deviation exceeds the 
BPT deviation present set value H, or when the BPT 
measured value decreases, and the #n-l BPT deviation 
or the #n+l BPT deviation exceeds the BPT deviation 
present set value L, the temperature deviation present 
determining section 32a or 32b outputs the #n-l BPT 
deviation present signal or the #n+l BPT deviation 
present signal (turns it ON) . However, in order to 
prevent the BPT deviation great interlock from becoming 
inoperative in case of an abnormality in the combustor 
4, the BPT deviation present set values H, L are set 
at smaller values (smaller absolute values) than the 
BPT deviation great set values H, L. 

[005 6] At a protection signal out put ting section (logic 
section) 33, a signal for BPT deviation great automatic 
stop or tripping (see Fig. 6; details to be offered 
later) is outputted, as a gas turbine protect ion signal , 
when the #n BPT deviation of the thermocouple 5 of #n 
exceeds the BPT deviation great set value H or L, and 
the #n BPT deviation great signal is outputted from 
the temperature deviation great determining section 
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31, andwhentheBPT deviation ofoneofthe thermocouples 
5 of #n-l and #n+l adjacent bilaterally to the 
thermocouple 5 of #n (i.e., the #n-l BPT deviation or 
the #n+l BPT deviation) exceeds the BPT deviation 
present set value H or L, and the BPT deviation present 
signal (i.e., the #n-l BPT deviation present signal 
or the #n+l BPT deviation present signal) is outputted 
from the temperature deviation present determining 
section 32a or 32b. 

[0057] The protection signal output ting section 33 also 
outputs the BPT deviation great automatic stop or 
tripping signal when the #n BPT deviation of the 
thermocouple 5 of #n exceeds the BPT deviation great 
set value H or L, and the #n BPT deviation great signal 
is outputted from the temperature deviation great 
determining section 31, and when one of the 
thermocouples 5 of #n-l and #n+l adjacent bilaterally 
to the thermocouple 5 of #n has a value out of range 
(the BPT measured value of the thermocouple 5, for 
example, exceeds the measurement range of 0 to 800°C, 
becoming 0°C or lower or 800° or higher) owing to an 
abnormality such as wire breakage. 

[0058 ] The protection signal output ting section 33 also 
outputs the above-mentioned BPT deviation great 
automatic stop or tripping signal, when the #n BPT 
deviation of the thermocouple 5 of #n exceeds the BPT 
deviation great set value H or L, and the #n BPT deviation 
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great signal is outputted from the temperature 
deviation great determining section 31, and when the 
BPT deviation change amount of one of the thermocouples 
5 of #n-l and #n+l adjacent bilaterally to the 
thermocouple 5 of #n (i.e., the #n-l BPT deviation change 
amount or the #n-l BPT deviation change amount) exceeds 
the BPT deviation change amount present set value H 
or L, and the BPT deviation change amount present signal 
(i.e., the #n-l BPT deviation change amount present 
signal or the #n+l BPT deviation change amount present 
signal) is outputted from the temperature deviation 
change amount present determining section 16a or 16b 
of Fig. 2. Furthermore, the protection signal 
outputting section 33 has off-delay timer sections 34a, 
3 4b to prevent discrepancies between out putting timings 
for the #n-l BPT deviation change amount present signal 
and the #n + l BPT deviation change amount present signal 
with respect to the #n BPT deviation great signal. 
[0059] In detail, as shown in Fig. 3, the #n-l BPT 
deviation change amount present signal is inputted into 
the off- delay timer section 34a. In the off- delay timer 
section 34a, even when the #n-l BPT deviation change 
amount present signal outputted from the temperature 
deviation change amount present determining section 
16a becomes OFF, the ON-state of this #n-l BPT deviation 
change amount present signal is retained by a 
predetermined delay time AT11. By this measure, the 
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timing with which the #n-l BPT deviation change amount 
present signal becomes OFF is delayed by the time AT11. 
The #n+l BPT deviation change amount present signal 
is inputted into the off-delay timer section 34b. In 
the off-delay timer section 34b, even when the #n+l 
BPT deviation change amount present signal outputted 
from the temperature deviation change amount present 
determining section 16b becomes OFF, the ON-state of 
this #n+l BPT deviation change amount present signal 

is retained by a predetermined delay time AT12 . By this 
measure, the timing with which the #n+l BPT deviation 
change amount present signal becomes OFF is delayed 
by the time AT 12 . The concrete values of the delay times 
AT11, AT12 can be set, as appropriate, by conducting 
tests, for example. 

[0060] In an OR logic section 35, an output signal 
becomes ON when the #n-l BPT deviation present signal 
is outputted from the temperature deviation present 
determining section 32a, or when the output signal of 
the off-delay timer section 34a (i.e., the #n-l BPT 
deviation change amount present signal) is ON, or when 
the thermocouple 5 of #n-l is judged to have a value 
outof range. In an OR logic sect ion 3 6 , an output signal 
becomes ON when the #n+l BPT deviation present signal 
is outputted from the temperature deviation present 
determining section 32b, or when the output signal of 
the off-delay timer section 34b (i.e., the #n+l BPT 
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deviation change amount present signal) is ON , or when 
the thermocouple 5 of #n + l is judged to have a value 
outof range. In an OR logic sect ion 37 , an output s ignal 
becomes ON when the output signal of the OR logic section 
35 is ON, or when the output signal of the OR logic 
section 36 is ON. 

[0061] In an AND logic section 38, a #n BPT deviation 
great automatic stop or tripping signal is outputted 

(ON) when the #n BPT deviation great signal is outputted 
from the temperature deviation great determining 
section 31, and when the output signal of the OR logic 
section 37 is ON. In regard to the thermocouple 5 other 
than the thermocouple 5 of #n, too, the BPT deviation 
automatic stop or tripping signal is outputted by the 
BPT deviation great interlock logic similar to that 
for the thermocouple 5 of #n. In an OR logic section 
39, the BPT deviation great automatic stop or tripping 
signal is outputted when any of the BPT deviation great 
automatic stop or tripping signals of the thermocouples 
5 of #n to #14 is outputted. 

[0062] The differences between the BPT deviation great 
automatic stop signal and the BPT deviation great 
tripping signal, and so on, will be described based 
on Fig. 6 by way of a concrete example. In Fig. 6, a 
denotes the average value of the BPT measured values 
of the thermocouples 5 of #1 to #14, b denotes the BPT 
measured value of the thermocouple 5 of #n, and cl and 
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c2 denote the BPT measured values of the thermocouple 
5 of #n + l which are higher and lower than the average 
value a . 

[0063] If the BPT measured value b decreases, as 
illustrated, as a result of a fall in the combustion 
gas temperature due to an abnormality in the combustor 
4, the #n BPT deviation great signal outputted from 
the temperature deviation great determining section 
31 becomes ON at a time T12 when the BPT measured value 
b decreases and the #n BPT deviation exceeds the BPT 
deviation great setvalueLfor automatic stop. Namely, 
the #n BPT deviation great signal for automatic stop 
becomes ON. When the BPT measured value b further 
decreases and a time T14 is reached at which the #n 
BPT deviation exceeds the BPT deviation great set value 
L for tripping, the #n BPT deviation great signal for 
tripping becomes ON. 

[0064] That is, the BPT deviation great set values H, 
L are each available as two values, i.e., a low value 
(absolute value) for automatic stop, and a high value 
(absolute value) for tripping. The BPT deviation great 
interlock logic shown in Pig. 3 is available in two 
forms, i.e., one on the BPT deviation set values H, 
L for automatic stop, and another on the BPT deviation 
set values H, L for tripping. The former interlock 
logic outputs a #n BPT deviation great automatic stop 
signal , and a BPT deviation great automatic stop signal . 
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On the other hand, the latter interlock logic outputs 
a #n BPT deviation great tripping signal, and a BPT 
deviation great tripping signal. However, these 
interlock logics have the same logic configuration, 
so that only one interlock logic is illustrated for 
convenience of explanation in Fig. 3. 

[0065] A further explanation will be offered for Fig. 
6. When the BPT measured value cl decreases as 
illustrated, the #n+l BPT deviation present signal 
outputted from the temperature deviation present 
determining section 32b becomes ON at a time T13 when 
the BPT measured value cl has decreased and the #n+l 
BPT deviation exceeds the BPT deviation present set 
value L. At T13, therefore, the #n BPT deviation great 
signal for automatic stop and the #n+l BPT deviation 
present signal become ON, so that the #n deviation great 
signal for automatic stop is outputted. At T14, the 
#n BPT deviation great signal for tripping and the #n + l 
BPT deviation present signal become ON, so that the 
#n deviation great signal for tripping is outputted. 
[0066] If the measured value of the thermocouple 5 of 
#n + l is higher than the average value a as is c2, for 
example, it takes time until the BPT measured value 
c2 decreases and the #n+l BPT deviation exceeds the 
BPT deviation present set value L (#n+l BPT deviation 
present signal become ON) (time T15) . With these 
measures alone, therefore, the outputting of the #n 
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BPT deviation great automatic stop signal or the #n 
BPT deviation great tripping signal is retarded. By 
contrast, the #n+l BPT deviation change amount present 
signal becomes ON at the time Til when the BPT measured 
value c2 has decreased, and the #n + l BPT deviation change 
amount exceeds the BPT deviation change amount present 
set value L. Hence, the #n BPT deviation great 
automatic stop signal or the #n BPT deviation great 
tripping signal can be outputted at an early stage. 
[0067] Furthermore, the point in time at which the #n+l 
deviation change amount present signal becomes OFF is 
not a time T16 when the BPT measured value c2 has not 
decreased, and the #n+l BPT deviation change amount 
does not exceed the BPT deviation change amount present 
set value L any more, but is delayed by a delay time 
AT12 until a time T17 by means of the off-delay timer 
section 34b. Hence, even if the #n+l BPT deviation 
change amount does not exceed the BPT deviation change 
amount present set value L a little ahead of T14, for 
example, the ON-state of the #n+l BPT deviation change 
amount present signal can be maintained until after 
T14 . Consequently, the #n BPT deviation great tripping 
signal can be outputted reliably at T14. 
[0068] According to the gas turbine protection 
apparatus of the present embodiment, as describe above, 
the BPT deviation change amount large automatic stop 
signal is outputted when the BPT deviation change amount 
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of any of the thermocouples 5 exceeds the BPT deviation 
change amount large set value H or L, and the BPT 
deviation change amount large signal is outputted from 
the temperature deviation change amount large 
determining section 15, and when the BPT deviation 
change amount of any of the thermocouples 5 adjacent 
bilaterally to the any thermocouple 5 exceeds the BPT 
deviation change amount present set value H or L, and 
the BPT deviation change amount present signal is 
outputted from the temperature deviation change amount 
present determining section 16a or 16b. Thus, if the 
thermocouple 5 becomes abnormal, accidental outputting 
of the BPT deviation change amount large automatic stop 
signal can be prevented without the need to increase 
the thermocouples 5 . Only when the combustor 4 becomes 
abnormal, the BPT deviation change amount large 
automatic stop signal can be outputted to protect the 
turbine body 2 . Hence, the gas turbine 1 can be operated 
stably . 

[0069] According to the gas turbine protection 
apparatus of the present embodiment, there are provided 
the off-delay timer section 18a for delaying the time 
when the BPT deviation change amount large signal 
outputted from the temperature deviation change amount 
large determining section 15 becomes OFF, and the 
off-delay timer section 18b for delaying the time when 
the BPT deviation change, amount present signal 
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outputted from the temperature deviation change amount 
present determining section 16a or 16b becomes OFF . 
Thus, a discrepancy between the outputting timings for 
the BPT deviation change amount large signal and the 
BPT deviation change amount present signal can be 
prevented by the off-delay timer sections 18a, 18b, 
so that the BPT deviation change amount large automatic 
stop signal can be outputted reliably. 
[0070] According to the gas turbine protection 
apparatus of the present embodiment, the BPT deviation 
change amount large automatic stop signal is also 
outputted when the BPT deviation change amount of any 
of the thermocouples 5 exceeds the BPT deviation change 
amount large set value H or L, and the BPT deviation 
change amount large signal is outputted from the 
temperature deviation change amount large determining 
section 15, and when any of the thermocouples 5 adjacent 
bilaterally to the any thermocouple 5 has a value out 
of range. Thus, the gas turbine protection signal can 
also be outputted when the thermocouples 5 on both sides 
become so abnormal as to have values out of range, 
rendering determination impossible. 
[0071] According to the gas turbine protection 
apparatus of the present embodiment, the BPT deviation 
great automatic stop or tripping signal is outputted 
when the BPT deviation of any of the thermocouples 5 
exceeds the BPT deviation great set values H, L, and 



45 



the BPT deviation great signal is outputted from the 
temperature deviation great determining section 31, 
and when the BPT deviation of any of the thermocouples 
5 adjacent bilaterally to the any thermocouple 5 exceeds 
the BPT deviation present set value H or L, and the 
BPT deviation present signal is outputted from the 
temperature deviation present determining section 32a 
or 32b. Thus, if the thermocouple 5 becomes abnormal, 
accidental outputting of the BPT deviation great 
automatic stop or tripping signal can be prevented 
without the need to increase the thermocouples 5. Only 
when the combustor 4 becomes abnormal, the BPT deviation 
great automatic stop or tripping signal can be outputted 
to protect the turbine body 2. Hence, the gas turbine 
1 can be operated stably. 

[0072] According to the gas turbine protection 
apparatus of the present embodiment, the BPT deviation 
great automatic stop or tripping signal is also 
outputted when the BPT deviation of any of the 
thermocouples 5 exceeds the BPT deviation great set 
value H or L, and the BPT deviation great signal is 
outputted from the temperature deviation great 
determining section 31, and when the BPT deviation 
change amount of any of the thermocouples 5 adjacent 
bilaterally to the any thermocouple 5 exceeds the BPT 
deviation change amount present set value H or L, and 
the BPT deviation change amount present signal is 
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outputted from the temperature deviation change amount 
present determining section 32aor 32b. Thus, even when 
the BPT measured values of the thermocouples 5 located 
bilaterally adjacently are higher than the average 
value, the BPT deviation great automatic stop or 
tripping signal can be outputted at an early stage. 
[0073] According to the gas turbine protection 
apparatus of the present embodiment, there are the 
of f -delay timer sections 34a, 34b for delaying the times 
when the BPT deviation change amount present signals 
outputted from the temperature deviation change amount 
present determining sections 16a, 16b become OFF. Thus, 
these off-delay timer sections 34a, 34b can prevent 
the discrepancy in the outputting timing for the BPT 
deviation change amount present signal with. respect 
to the BPT deviation great signal, so that the BPT 
deviation great automatic stop or tripping signal can 
be outputted reliably. 

[0074] According to the gas turbine protection 
apparatus of the present embodiment, the BPT deviation 
great automatic stop or tripping signal is also 
outputted when the BPT deviation of any of the 
thermocouples 5 exceeds the BPT deviation great set 
value H or L, and the BPT deviation great signal is 
outputted from the temperature deviation great 
determining section 31, and when any of the 
thermocouples 5 adjacent bilaterally to the any 

47 



thermocouple 5 has a value out of range. Thus, the BPT 
deviation great automatic stop or tripping signal can 
also be outputted when the thermocouples 5 on both sides 
become so abnormal as to have values out of range, 
rendering determination impossible . 

[0075] The present invention is not necessarily limited 
to the use of the thermocouples for BPT measurement, 
but can also be applied to the use of other types of 
temperature sensors for BPT measurement . However, it 
is effective for the present invention to be applied 
to temperature sensors, such as thermocouples, which 
may be subject to shaving of the protective tube or 
faulty insulation as well as out-of-range values, 
whereby measured values may change abnormally within 
the measurement range, namely, temperature sensors 
having a possibility to cause an abnormality which is 
difficult to judge as an abnormality. 

Industrial Applicability 
[0076] The present invention relates to a gas turbine 
protection apparatus. This apparatus is useful when 
applied in preventing a malfunction due to an 
abnormality in a temperature sensor, and outputting 
a gas turbine protection signal only when a combustor 
is abnormal, thereby protecting a turbine body 
reliably . 
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